ABSTRACT Ninety four dairy farmers were investigated by chest radiography, pulmonary function tests, and bronchoalveolar lavage. They were divided into five groups-1: 11 subjects with acute farmer's lung; 2: 25 subjects with previously diagnosed farmer's lung who had stayed on their farm; 3: 15 farmers with previously diagnosed farmer's lung who had left the farm; 4: 23 precipitin positive symptomless farmers; 5: 20 precipitin negative symptcmless farmers. The study evaluated the relationships between radiographic changes measured with a scoring system derived from the International Labour Office (ILO) classification, the results of pulmonary function tests, and bronchoalveolar lavage fluid. Thirty eight subjects had radiographic evidence of interstitial pulmonary infiltrates. Group I had the highest percentage of lymphocytes recovered by bronchoalveolar lavage (mean 66.3 (SD 19.2)). For all subjects carbon monoxide transfer factor (TLCO) and total lung capacity were negatively correlated with radiographic changes (r = -0.45 and -0.30; p < 0.001 and < 0.01 respectively). TLCO was also negatively correlated with radiographic change in group 2 (r = -0.59, p < 0.005). The percentage of lavage lymphocytes was correlated with radiographic changes for all subjects (r = 0.36, p < 0.001), but this correlation was not seen within groups. This study shows good correlation between radiographic abnormalities, pulmonary function changes and the cellular composition of bronchoalveolar lavage fluid.
Farmer's lung is one of the most frequent types of extrinsic allergic alveolitis; its prevalence varies from one country to another, with estimated figures varying from 0.4%' to 5%2 of the farming population. The disease is the manifestation of an immunological reaction to microorganisms found in mouldy hay (Micropolyspora faeni, Thermoactinomyces vulgaris, and Aspergillus species).3 The acute phase manifests itself as a febrile illness characterised by dry cough, chest tightness and pains, dyspnoea, cyanosis, chills, and moderate fever four to eight hours after exposure to the antigen.45
Chest radiographs and pulmonary function tests are useful both at the time of diagnosis and at follow up visits. A diffuse interstitial micronodular infiltrate is usually seen on the chest radiograph. Typically, pulmonary function tests show a restrictive venti-latory defect associated with moderate to severe hypoxaemia. 6 The intensity of the disease may be determined by the severity of any alteration of pulmonary function and by the degree of hypoxaemia. In other interstitial diseases (sarcoidosis, interstitial fibrosis) 
Methods
Ninety four farmers were included in this study. Eleven had acute farmer's lung at the time of study (group 1). Forty were farmers who had had at least one previous acute episode but were at the time free of farmer's lung symptoms and had not taken corticosteroids for at least three months before the study. Twenty five subjects were still on the farm (group 2), while 15 had ceased all contact with hay (group 3), having left the farm at least two years before this study (range 2-10 years). The diagnosis of farmer's lung in these groups was based on a typical history of dyspnoea, cough, or fever after working with hay, the presence of fine inspiratory rales on physical examination, and a positive result in the precipitin test. 4 Subjects from group 1 (acute cases) were usually admitted to hospital and all tests were done within nine days of admission. Subjects from groups 2-5 were seen as outpatients, always in the winter between I January and 31 March, when exposure to hay is high. Subjects from groups 2, 4, and 5 came to the hospital after their morning chores on the farm; all had their investigation completed on that day. Pulmonary function tests included measurement of lung volumes-total lung capacity (TLC), residual volume, and functional residual capacity-by the helium dilution method; forced vital capacity (FVC) and forced expiratory volume in one second (FEV1) on an Eagle One electronic spirometer (Collins, Braintree, Massachusetts); and carbon monoxide transfer factor (TLco-that is, diffusing capacity (DLCO)) by the single breath method.17 Posteroanterior and lateral chest radiographs were taken. All bronchoalveolar lavages were done in the middle lobe with 300ml of normal saline (10 aliquots of 30ml). Lymphocytes were counted in cytocentrifuged preparations (Cytospin; Shandon, Sewickley, Pennsylvania) stained with Wright-Giemsa and non-specific esterase. As in our previous studies," a percentage of lymphocytes over 22% was classified as abnormal and assumed to reflect a current alveolitis.
All 94 chest radiographs were read at the end of the study by one of the investigators (AT), who is an experienced certified B reader; he was unaware of the subject's group or the results of lavage fluid analysis or of pulmonary function tests. Reading of the radiographs was based on the ILO 1979 International Classification of Radiographs of the Pneumoconioses. Radiographs were graded according to the profusion of small opacities; no radiograph in categories 2/1, 2/3, 3/2, 3/3, or 3 + was encountered. We converted the ILO score to an intensity score for easier calculations: 0-, 0/0, and 0/1 were scored as 0 and 1/0, 1/1, 1/2, and 2/2 as 1, 2, 3, and 4 respectively. Each lung was divided into three regions (upper, middle, lower), and an intensity score was assigned to each of the six regions. Thus a score of 0 meant a normal film, and the highest possible score was 24 (diffuse interstitial changes). We refer to this measurement as radiographic score.
For statistical analysis we used analysis of variance and the Student-Newman-Keuls test for multiple comparisons between the five groups. Results are expressed as means (with one standard deviation in parentheses). We calculated the correlation coefficient Cormier, BMlanger, Tardif, Leblanc, Laviolette except for one, two, and four years respectively; three subjects had worked on the farm for five to 10 years; and one subject in group 3 was an occasional farm worker at the time of his acute episode. Subjects who had not worked on the farm all their life were evenly distributed between groups.
Nine of 11 subjects of group 1 (acute cases) had a positive radiographic score (fig 1) ; 19 out of 40 subjects with previous farmer's lung (groups 2 and 3) and 10 of the 43 symptomless farmers (groups 4 and 5) also had a positive radiographic score. Thus 38 out of a total of 94 subjects showed some degree of interstitial infiltration on their chest film. The 13 patients with a radiographic score higher than 6 were found in groups I and 2.
Patients in groups 1 had a higher total number of cells in their lavage fluid (92.4 (58.3) x 106) than subjects in the other groups (p < 0.001, StudentNewman-Keuls multiple comparisons; fig 2) . The mean percentage of lymphocytes was higher in group 1 than in the other groups (p < 0.001 compared with groups 3-5; p < 0.05 compared with group 2). The percentage of lymphocytes in group 2 was also higher than in groups 3-5 (p < 0.01). All patients with acute farmer's lung had a lymphocytic alveolitis with more than 22% of lymphocytes. The lymphocyte percentage was also increased in 21 out of 25 patients in group 2, six out of 15 subjects in group 3, 14 out of 23 in group 4, and six out of 20 in group 5. We found a positive correlation between the percentage of lymphocytes in the lavage fluid and the radiographic scores for all subjects (r = 0.36, p < 0.001; fig 3) . A correlation was not seen, however, when the analysis was made within groups. TLC lower than 80% of the predicted value; four were in group 1, four in group 2, and one each in groups 3 and 5. Like TLCO, TLC was negatively correlated with the radiographic score (r = -0.30, p < 0.01; fig 6) for all subjects but not within groups. The mean FEV1/FVC was normal for all groups and no significant differences between groups were seen. There was no correlation with the chest radiographic scores.
Discussion
This study offers a systematic comparison of the relative value of chest radiographs, pulmonary function tests, and bronchoalveolar lavage in a large group of farmers with varied clinical presentations and the data show good correlations between radiographic findings and lung diffusing capacity, total lung capacity, and the percentage of lymphocytes in lavage fluid.
Significant alterations of chest films were associated with a history of farmer's lung: a total of 28 out of 51 subjects in the first three groups (55%) had a positive radiographic score. In his long term study Braun found that 39% of his patients had abnormal radiographs.18 Higher scores characterise acute cases of farmer's lung and those with continued contact with hay: all subjects with a radiographic score of more than 6 belonged to groups 1 or 2. No film showed gross changes in parenchymal structure (profusion category of 3 in the ILO classification). To judge from the radiographic appearances none of our patients appeared to suffer from extensive fibrosis; these findings should be interpreted with caution, however, as radiographic changes have often been found to be less striking than the actual clinical picture of farmer's lung,5 even if the more severe acute cases do have the greatest changes. '9 The presence of radiographic abnormalities in 10 out of 43 symptomless farmers is surprising, five of these having more than 22% of lymphocytes in their lavage fluid. This alone does not explain the abnormal scores. Barbee also found some degree of radiographic change in six out of 31 symptomless farmers, a proportion similar to that found in our study.20 This could be a manifestation of chronic allergic alveolitis, in which acute episodes went undetected. On the other hand, these radiographic findings could reflect shortcomings in the ILO classification for conditions other than pneumoconioses, as has been suggested recently.2" Perhaps an investigator who wants to use a scoring system based on the combination of intensity and distribution of abnormal shadows should disregard low scores and consider only greater variations.
Pulmonary function testing may help to complete the picture. TLCO is a good test in farmer's lung.'8 20 Cormier, BMlanger, Tardif, Leblanc, Laviolette In this study 26 of the 27 abnormal TLco results (< 80% of predicted) were found in individuals with acute or chronic farmer's lung. TLCO was negatively correlated with the radiographic score. These two tests seem therefore to be good markers of the presence and intensity of disease, and provide useful clinical tools to support the diagnosis of farmer's lung. Although negatively correlated with the radiographic score, TLC was much less useful than TLCO; only nine out of 50 acute or chronic farmer's lung patients who had it measured had TLC below 80% of the predicted normal value.
As in a previous study,22 there 
